Introduction
The strategies commonly used to treat bone defects in the maxillofacial region include autogenous bone grafts, allografts, metals and ceramics. All these alternatives have specific limitations such as restricted amount of tissue obtained with autogenous grafts, difficulty of preparing grafts with the desired shape, and risk of transferring pathogens when using synthetic implants and allograft 1 . The regenerative medicine that makes use of stem cells is a fast developing field in the treatment of bone defects 2 . Its basic principle involves the use of an appropriate type of cell and a biocompatible and bioabsorbable scaffold (matrix, carrier) to produce a biosystem that mimics the function and structure of a specific type of tissue 3 . Recently, much attention has been paid to the use of calcium phosphate cement (CPC) as a bone substitute. Such biomaterial has a composition and structure very similar to the mineral portion of the bone tissue and has been considered appropriate to develop scaffolds for bone tissue engineering 4 . In addition to these characteristics, CPCs are also easily handled and molded.
The main objective of this study was to assess the viability of using a CPC made of Brazilian raw material, with porosity created by paraffin spheres, as a scaffold for bone tissue engineering by analyzing the behavior of mesenchymal stem cells cultivated in osteogenic induction medium on this biomaterial.
Methods

CPC scaffolds
We selected 15 tricalcium phosphate cement scaffolds of 15mm in diameter ( Figure 1A ) and around 3 mm in height ( Figure 1B) . The paraffin spheres used as porogens were responsible for the macroporous and interconnected structure of the scaffolds. Based on the fact that, according to the literature 5, 6 , optimal pore size for bone tissue growth is above 100µm, we decided to use a size range between 100 and 250µm. Alpha-tricalcium phosphate cement ( -TPC) was synthesized in a laboratory according to the method reported by Driessens 7 . Scaffolds were produced by the homogenization of paraffin spheres and -TPC, with the later addition of the liquid phase. This phase was always added in the proportion of 1 ml for each 1 g of -TPC. The resulting paste was poured into silicon molds and the test specimens were removed from the mold after 24 h, then undergoing another heat treatment for paraffin removal. The characteristics of the specimens were obtained by scanning electron microscopy (SEM), which identified the morphology, distribution and size of the pores in the scaffolds. After being autoclaved at 121°C for 15 min 8 , scaffolds were arranged on 24-well polystyrene plates (Nunclon TM Delta Surface, Nunc Products; Denmark), with one plate for each culture period of 5, 10 and 15 days.
Each plate held five discs, with four of them being used to carry out the quantitative real-time polymerase chain reaction technique (QT-PCR), with the purpose of measuring the expression of the genes encoding osteopontin (OP), osteocalcin (OC), and alkaline phosphatase (ALP), and one gene to assess the behavior and morphology of the cells that adhered to the CPC using SEM.
Human bone marrow cell culture
Human bone marrow cells in good physiological state were obtained from a 44-year-old patient admitted to the Oral and Maxillofacial Surgery Unit of Hospital Independência, Lutheran University of Brazil (ULBRA), for atresic maxilla reconstruction surgery using autogenous iliac crest bone graft. Purified bone marrow cells were suspended in a Dulbecco's modified Eagle medium (DMEM), supplemented with 10% bovine fetal serum, 100 U/ml penicillin, 100µg/ml streptomycin, and 50µg/ml gentamicin. After being suspended the cells were counted. A new culture medium was then added to adjust cell concentration. This medium was composed of 40µg of bone morphogenic protein 4 (BMP-4) per ml of DMEM. The suspension was added to the previously prepared 24-well plates containing the CPC scaffolds in aliquots of 500µl with a density of 0.5 x 10 5 cells per milliliter, being counted in a hemocytometer. Finally, cultures were incubated and kept in a humidified oven at 37ºC containing 5% of CO 2 .
Analysis of the expression of the bgla, ssp1 and alkaline phosphatase genes
The expression levels of the BGLA and SSP1 genes, which encode OC and OP, respectively, and the ALP activity were quantified by the QT-PCR technique using fluorophore SYBR GREEN ® . The QT-PCR technique used in the present study was based on the amplification of the cDNA with gene-specific primer oligonucleotides and detection using a laser beam able to capture the fluorescence emitted by the fluorophore SYBR Green ® at each synthesis cycle. This process made it possible to quantify the levels of the sequences complementary to mRNA for those genes present in the specimens analyzed.
Scanning electron microscopy
After each culture period, the discs were assessed by SEM to analyze the behavior of the cells in contact with the biomaterial surface. The scanning electron microscope used in our study was a PHILIPS ® device, model XL30. A thin layer of gold was sputtered on the specimens analyzed.
This research project was approved by the Scientific and Ethics Committee of the School of Dentistry of PUCRS and by the Research Ethics Committee of PUCRS. This study is in accordance with items III.3.i and III.3.t of the Brazilian Guidelines and Norms for Research involving Humans.
Results
Characterization of the specimens
The SEM images showed the spherical shape of the pores and their interconnectivity (Figure 2 ). The amount of spheres added is linked to the formation of a thin layer of cement between the spheres, enabling them to have contact with one another and, thus, after paraffin removal, promoting the establishment of interconnections between the pores generated by the paraffin spheres. The size of the pores we found is the same as the size of the paraffin spheres used, ranging from 100 and 250 µm. 
Scanning electron microscopy
On the fifth day of culture, we found a small number of elongated and fusiform cells (Figure 3) . On the tenth day of the experiment, we could observe the deposition of the extracellular matrix on the biomaterial. There were cell elongations inside the pores (Figure 4) . Cells began to have a cuboidal shape. On the 15th day of culture, we could observe cuboidal cells ( Figure 5A ), compatible with the morphology of osteogenic cells. There were connections between the cells ( Figure 5B ). We also found that the cells and their elongations had migrated to the inner portion of the pores. C T values represent the cycle in which the gene started to be expressed. The lower the C T value, the earlier the gene expression was detected.
The levels of the relative expression of each gene were normalized with the expression of ß-actin in the relation (C T(OP/OC/ALP /C T(ß-actin) ), where we found the values described next (Table 2) .
Real-time PCR for expression of the genes encoding op, oc and alp
The expression of the BGLA and SSP1 genes responsible for encoding OC and OP, respectively, and the The value of the threshold cycle (C T ) was determined by the thermal cycler to measure the expression. We calculated the mean and standard deviation of the C T values based on duplicate analysis (Table 1) .
After normalization of the C T values, we could compare the relative expression of the genes during the periods studied and we found, as shown in the previous table, that in the 15-day period there was higher expression of all the genes investigated.
Discussion
Several materials have been investigated as potential scaffolds for bone tissue engineering. Each one of them has advantages and limitations. In the present study, we decided to investigate CPC made of Brazilian raw material based on its low cost in comparison with the imported cements available in the market and because the national material showed biocompatibility and easiness of handling similar to those of imported cements.
One of the characteristics required by bone tissue engineering for scaffolds is that they must have a porous and interconnected structure, enabling the migration and distribution of cells 9 . With the purpose of achieving this characteristic, we decided to use paraffin spheres as porogens in the scaffolds. Paraffin was chosen because it is an organic material with a low melting point, which made it possible to control the distribution and size of the pores, thus producing a macroporous and interconnected scaffold. Tissue engineering involves the association of an osteoconductive matrix (CPC in the present study), osteoprogenitor cells, and osteoinductive growth factors. Our choice for mesenchymal stem cells derived from human bone marrow is based on their potential of expansion and differentiation in specific strains, as well as their autogenous origin, which make them good candidates for use in tissue engineering and regenerative therapies. As they have advantages in comparison with other types of cells, mesenchymal stem cells have been widely used in bone tissue engineering 3, 4, 9 . No consensus has been reached in the literature regarding the pore size that best promotes osteoconduction. It has been established that bone growth occurs when the pore is large enough to house the cells and the blood flow system. A pore size larger than 100 µm and smaller than 400µm is usually considered optimal for osteoconduction 10 ; however, there are conflicting scientific reports demonstrating that there can occur bone growth in pores smaller than 100µm and larger than 500µm 11 .
In the present study, we decided to use the range 100-250µm because such porosity enables cell growth, but does not have a significant influence on the mechanical resistance of the biomaterial, as there is a close relationship between porosity and the amount and size of pores 12 . Based on the SEM images obtained in the present study, we could confirm that there was cell proliferation on the CPC scaffold. We were also able to detect differentiation of osteogenic cells. Such differentiation was made evident by their cuboidal shape compatible with the shape of osteogenic cells, which was acquired close to the 15th day of culture. The QT-PCR technique corroborated these findings with the detection of the expression of the genes investigated in the 10-and 15-day period of culture.
On the 15th day of culture, we used QT-PCR to detect the expression of the BGLA and SSP1 genes responsible for encoding OC and OP, respectively. We also detected ALP activity, and the results showed an earlier detection of the expression of these genes throughout the experiment periods. Such data allow us to conclude that there was cell proliferation and osteogenic differentiation during these periods, since these proteins are considered osteoblast markers because they are exclusively expressed by preosteogenic cells and mature osteoblasts, except for OP, which is detectable in precursor cells at early stages of differentiation 8, 13 . Several authors have drawn attention to the need of good mechanical properties in scaffolds intended to be used in bone tissue engineering 14 . However, we tend to agree with LogeartAvramoglou 9,11 when they state that such requirements are not necessary because the main function of a scaffold is to support bone growth instead of supporting mechanical forces. The scaffolds investigated in the present study were minimally resistant, which was sufficient for them to be handled, as this resistance would increase with the proliferation of osteoblasts while generating bone tissue.
CPC has a great potential for being used in bone tissue engineering and its association with polymeric materials is a quite promising field for further investigations aimed at combining the advantages of both materials.
Conclusion
Based on the findings of the present study, we conclude that CPC scaffolds with macroporosity generated by paraffin spheres have interconnected pores and pore sizes compatible with the size of the spheres used, which was between 100 and 250µm. These scaffolds enabled adhesion, proliferation, and differentiation of the mesenchymal stem cells in osteogenic cells and, therefore, can be used as scaffolds for tissue engineering.
